Objective: The purpose of this study was to determine if overnight energy expenditure, the lowest energy expenditure sustained for 60 min during the night, measured and predicted basal metabolic rate are equivalent. Design: Overnight energy expenditure (ON-EE), the lowest energy expenditure sustained for 60 min during sleep (LS-EE) and basal metabolic rate (BMR) were measured two to seven times in a room-sized indirect calorimeter in 69 adult subjects. Subjects' gender, age, weight and height were also used to predict BMR (FAOaWHOaUNU, 1985) 
Introduction
Recommendations for daily energy requirements (FAOaWHOaUNU, 1985) use factorial calculations based on basal metabolic rate (BMR). BMR is the rate of energy expenditure of a subject in a post-absorptive state and at complete rest in a thermoneutral environment (FAOaWHOaUNU, 1985) . One assumption used in the factorial calculations is that energy expenditure during time spent in bed is equal to BMR. This assumption has been questioned because energy expenditure typically drops signi®cantly below BMR during sleep. The lowest sleeping metabolic rate (measured for 60 min) has been reported to be 88% of BMR (Goldberg et al, 1988) . They also reported that overnight energy expenditure measured over 8.5 h was 95% of BMR in the same subjects (Goldberg et al, 1988) . Overnight energy expenditures measured for 7 h were also reported to be 97% of BMR for men and 93% for women (Garby et al, 1987) . Sleeping energy expenditure measured for 3 h was found to be 7% less than BMR (Fredrix et al, 1990) . Because of these ®ndings, a question has been raised as to whether it is appropriate to use a fraction of BMR to represent energy expenditure while people are in bed.
Because the measurement of BMR requires specialized equipment and the experimental conditions are exacting, BMR is often calculated using equations based on gender, age, weight and height. Harris & Benedict proposed one equation in 1919 based on gender, age, height and weight that is still widely used (Harris & Benedict, 1919) . Similarly the FAOaWHOaUNU recommends the use of equations for men and women based on gender, age and weight (FAOaWHOaUNU, 1985) .
The objective of this study was to determine if BMR is an appropriate assumption for energy expenditure in bed. To test this assumption BMR was compared to overnight energy expenditure (ON-EE) and to the lowest energy expenditure measured for 1 h during sleep (LS-EE). A room calorimeter was used to compare overnight energy expenditure to the lowest rate of energy expenditure observed during sleep, to measured BMR. Overnight energy expenditure was also compared to BMR predicted using the gender, age and weight equations recommended by the World Health Organization (BMR-WHO), (FAOaWHOaUNU, 1985) .
Methods
Sixty-nine healthy adult subjects (41 male and 28 female) participated in this study. The subjects recruited into this study were among a larger group of adults participating in controlled diet studies at the Beltsville Human Study Facility (BHSF). Because the subjects were participating in a controlled diet study, the exact composition of the diet was not the same for all subjects. However, since the subjects served as their own controls during this study, a constant daily energy intake at a level which maintained body weight was the only requirement and was provided by the study diet.
This study was approved by the Agricultural Research Service Human Studies Review Committee of the US Department of Agriculture and the Institutional Review Board of Johns Hopkins University. All subjects were medically screened and found free of metabolic disease. All subjects were normotensive, nondiabetic and had normal blood chemistry values. All subjects gave informed consent to participate in this study after the procedures were explained to them. All subjects were ®nancially compensated for participating in this study.
Calorimetry
Subjects' 24 h energy expenditure was measured in a room calorimeter (Seale et al, 1991) for a minimum of two to a maximum of seven one-day periods. All 24 h hour energy expenditure measurements were within a four week period for each subject. Subjects reported to the BHSF one hour before entering the room calorimeter for each of the measurements. Subjects remained in the calorimeter for 23 1 2 h and exited the following day. While in the calorimeter subjects followed an activity schedule which required at least seven hours in bed with the lights out between 11.00 pm and 6.00 am the following morning. Subjects were awakened by an attendant at 6.00 am. They were instructed to turn on the lights within the calorimeter, use the toilet facilities if necessary, and then open the window shades so that the attendant could observe them during the rest period. Subjects were instructed to lie in bed but remain awake from 6.15 am to 7.15 am so that basal metabolic rate could be measured. Subjects were observed through the window to ensure that they did not move or fall asleep during this period. Following the basal metabolic rate measurement, subjects got up and resumed the activity schedule which included meals, free time and exercise periods. The meals consumed while in the calorimeter were consistent with the study diet.
One of two room-sized (20.4 m 3 or 21.8 m 3) indirect calorimeters were used to determine energy expenditure for a 23 1 2 -h period. These calorimeters continuously measure respiratory gas exchange to within 1.5% over a one d period (Seale et al, 1991) . The repeatability of human 24 h energy expenditure measurements for this chamber is 5% (Rumpler et al, 1990) . During the study the rates of CO 2 production (rCO 2 ) and O 2 consumption (rO 2 ) were measured continuously while the subjects were in the calorimeter. For the purpose of calculating overnight sleeping energy expenditure (ON-EE), the average metabolic rate between 11.00 pm and 6.00 am was determined. A 60 min running average was also calculated during the overnight time period. The minimum 60 min average was used to determine the lowest sustained sleeping energy expenditure (LS-EE). Basal metabolic rate was calculated from the minimum value of a 30 min running average of energy expenditure measured between 6.15 am and 7.15 am while subjects were lying awake in bed. Calorimeter output from a typical experiment are shown in Figure 1 . Motion detectors within the calorimeter chambers were used to monitor activity while the subjects were in the calorimeter.
Urine was collected during the calorimetry experimental period. Urinary nitrogen levels were determined using a combustion technique (CHN-600, LECO Corporation, St Joseph, MI) in order to calculate urinary nitrogen (UN) production. Energy expenditure (EE) was calculated using equation 1 with the respiratory gas totals and urinary nitrogen production values (Weir, 1949) .
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Predicted BMR Basal metabolic rate was calculated using predictive equations (FAOaWHOaUNU, 1985) based on subject gender, age (y) and weight (kg). Equations 2a, 2b and 2c were used to predict basal metabolic rate (BMR-WHO) based on male subjects with an age range of (a) 18 ± 30 y, (b) 30 ± 60 y and (c) b 60 y. Equations 2d, 2e and 2f were used to predict basal metabolic rate (BMR-WHO) based on female subjects with an age range of (a) 18 ± 30 y, (b) 30 ± 60 y and (c) b 60 y.
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Body composition Subject height, weight and total body resistivity (RJL Systems, Detroit, MI) was measured before the subject Figure 1 Energy expenditure as a function of time (10:00 pm±8:00 am).
BMR and overnight energy expenditure JL Seale and JM Conway entered the calorimeter energy expenditure measurements. Lean body mass (LBM) was predicted from age, height, weight, total body resistance and sex using a regression equation published by Segal et al (1988) . Body fat mass (FM) was estimated by the difference in weight and lean body mass.
Statistical analysis
An analysis of variance was used to determine signi®cant differences between the methods used to calculate sleeping energy expenditure and basal metabolic rate in the 69 subjects (PROC GLM, SAS Institute Inc., Cary, NC). The difference between ON-EE and LS-EE, BMR and BMR-WHO was determined and plotted against the mean (Bland & Altman, 1986 ). An analysis of variance was used to determine signi®cant differences in the difference between ON-EE and LS-EE, BMR and BMR-WHO in the 69 subjects (PROC GLM, SAS Institute Inc., Cary, NC).
Results
The physical characteristics of the 69 adult male (41) and female (28) subjects are presented in Table 1 . Mean values (mean AE standard deviation) for male, female and all subjects for age, weight, height, body mass index (BMI), fat free mass and fat mass are shown. Male subjects had greater weight, height, BMI and fat free mass than female subjects. Age and fat mass were not signi®cantly different. Results of measured or predicted energy expenditure for male, female and all subjects presented in Table 2 are: (1) overnight energy expenditure (ON-EE), (2) the lowest sustained energy expenditure for 60 min during the night (LS-EE), (3) basal metabolic rate (BMR) determined within the room calorimeter, and (4) BMR and overnight energy expenditure JL Seale and JM Conway
Figures 2 ± 4 (Bland & Altman, 1986) . The results indicate that there was no signi®cant difference between ON-EE and measured BMR (0.1% AE 1.9%) or BMR-WHO (1.2% AE 7.9%). However, BMR-WHO was signi®cantly greater than ON-EE in male (3.22% AE 7.3%) and less than ON-EE in female ( 7 2.6% AE 7.3%) subjects. The results also indicate that LS-EE was signi®cantly less than ON-EE (10.0% AE 2.9%), BMR (10.1% AE 3.2%) and BMR-WHO (10.4% AE 8.4%).
Results of the average within subject variation for ON-EE, LS-EE, BMR and BMR-WHO are presented in Table  3 . Within-subject variation for LS-EE (2.6%) was signi®-cantly lower (P`0.05) than ON-EE (3.0%) and BMR (5.0%) for all subjects. However, within-subject variation for LS-EE and ON-EE were not signi®cantly different when comparing female subjects and when comparing male subjects. Within-subject variation was signi®cantly lower for BMR-WHO than measured values because of low within-subject variation of weight and age.
Discussion
The FAOaWHOaUNU (1985) de®nes sleep energy expenditure as 1.0 times BMR. It should also be noted that they de®ne sleep time as the time spent in bed in their factorial equations. The results from this study indicated that the practice of using BMR to approximated energy expenditure during sleep is appropriate for adult men and women. While energy expenditure did drop signi®cantly below BMR (LS-EEaBMR; 0.90) during the night, the average rate of energy expenditure from the time the subjects went to bed until the time they woke up in the morning was within 0.1% AE 1.9% of BMR.
The minimum rate of energy expenditure observed in this study (LS-EE) at 90% of BMR was similar to that observed by Goldberg et al (1988) where the ratio of the lowest sustained metabolic rate was 88% of BMR. However, while overnight energy expenditure and BMR were equivalent in this study, Goldberg et al (1988) reported that overnight energy expenditure was 96% of BMR in the men participating in their study. Similarly Garby et al (1987) reported that overnight energy expenditure is 97% of BMR in men. Fredrix et al (1990) in a study which included 18 men and 22 women reported that sleeping energy expenditure is only 93% of BMR. However; they de®ned sleep energy expenditure as the three-hour average between 3.00 am and 6.00 am. This time period does not fully represent overnight energy expenditure and would be expected to be between overnight energy expenditure and the lowest sustained energy expenditure.
Within-subject variation was lowest for LS-EE where the average difference between the lowest one-hour measurements on the same subject was 2.6%. The variation in overnight metabolic rate was slightly larger at 3.0%. These results are consistent with those reported by Goldberg et al (1988) where within-subject variation was approximately 2%. The within-subject variation observed for BMR (5.0%) was signi®cantly greater than LS-EE and ON-EE. These results would indicate that measurements of both LS-EE and ON-EE are more repeatable than BMR.
BMR values predicted from gender, age and weight with the FAOaWHOaUNU (1985) equations was not signi®-cantly different from ON-EE (1.2%) and BMR (1.1%) for all subjects. However, BMR-WHO signi®cantly underestimated measured ON-EE and BMR (2.6% and 2.8% respectively) for female subjects and signi®cantly overestimated ON-EE and BMR (3.2% and 3.2% respectively) for male subjects.
The results from this study con®rm that 1.0 6 BMR is an appropriate factor for approximating average energy expenditure in bed. The lower within subject variation observed with overnight energy expenditure also suggest that measuring ON-EE may be an appropriate method for approximating BMR. Table 3 Results for the average within-subject variation for energy expenditure measured overnight (ON-EE), the lowest sustained value for 60 min during sleep (LS-EE) and basal metabolic rate (BMR) in a room calorimeter and BMR predicted using the WHO equations (1985)(BMR-WHO) in 41 adult male and 28 adult female subjects Superscript letters indicate signi®cant difference (P`0.05) between ON-EE, LS-EE, BMR and BMR-WHO.
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